SUMMARY The association of various personal, occupational, and environmental factors with cataracts and pseudoexfoliation of the lens (PXF) was examined in a group of Australian Aborigines. Cataracts occurred more commonly in the elderly but were also associated with high levels of ultraviolet radiation and sunlight and were more commonly seen in lower latitudes. PXF was also seen more commonly in the elderly, especially among males. PXF occurred particularly commonly in stockmen and was related to latitude and global radiation. It was positively associated with the occurrence of cataract and with climatic droplet keratopathy. It is suggested that senile cataracts are related to the amount of ultraviolet radiation and PXF to global radiation.
The eyes of Australian Aborigines in outback Australia are exposed during waking hours to an atmosphere of low humidity and often of high temperature, and in particular to intense solar irradiation. Both senile cataracts and pseudoexfoliation of the lens (PXF) have been reported as occurring commonly in Australian Aborigines.1 2 While it has been suggested that senile cataracts, in particular nuclear sclerosis, may be related to environmental factors, including solar radiation,3 no epidemiological studies have demonstrated a clear association with ultraviolet radiation. PXF has a marked regional variation in its distribution,1 6-9 but the possibility of an environmental cause had not been considered.
The following study investigated the role of a number of personal and environmental factors in the causation of these 2 conditions. It was conducted as a separate study in conjunction with the routine field work performed by the National Trachoma and Eye Health Programme (NTEHP).
Materials and methods
The methods used to select people for inclusion in this study and the examination procedure have been described in detail.2 1011 Briefly, 350 Aborigines over the age of 30 were studied. They were selected from either a sampling of 2 aboriginal communities or were included in a case-control study of blindness. A detailed personal history was obtained and The presence of lens opacities was determined by slit-lamp examination. The severity of lens opacities was graded according to the degree of reduction of visual acuity attributable to those opacities: grade 1, visual acuity correctable to 6/6; grade 2, visual acuity correctable to better than 6/60 but less than 6/6; grade 3, visual acuity correctable to 6/60 or less. The data presented in this study are for grade 2 and grade 3 opacities. In bilateral cases the patient was classified according to the poorer eye.
Environmental data for the place of residence for each person were obtained from published records. '2-'5 Fig. 1 ), those with less than 8 hours of sunlight having fewer cataracts than those with 8-5 hours or more. A trend was also found for cataracts to occur more often in areas with higher annual mean ultraviolet-B radiation levels ( Table 3 , Fig. 1 ). This association was statistically significant when those over the age of 40 were examined separately ( hit by a whip. The types of penetrating injury included injury from a stone, from chopping wood, and from tree branches.
s o0 traumatlc cataract were seen. PSEUDOEXFOLIATION OF THE LENS been included in the preceding Thirty-four cases of pseudoexfoliation of the lens se traumatic cataracts were uni-capsule (PXF) were seen. Twenty-six cases occurred urred in males and 4 in females. in males and 8 in females, and the sex correlation owed blunt trauma, 2 followed was statistically significant (P<0 001, Fig. 2 ). ma, and in 3 the nature of the Twenty-nine of the patients were over the age of lown. Four occurred in childhood, 60 years, and this increase in prevalence with age , 6 in young adults, and only I was statistically significant ( evaporation rate, relative humidity, annual rainfall, hours of sunlight, or ultraviolet radiation. This was true for analyses using the annual means, midsummer (January) and midwinter (July) values of these variables. Pseudoexfoliation and climatic droplet keratopathy were significantly linked when the group as a whole was examined (P=0-002). Because both conditions were found frequently in stockmen, this association may have been factitious. However, when stockmen were analysed for the occurrence of pseudoexfoliation and climatic droplet kerato- pathy (Table 9) , this significant correlation still remained (P-0 02). Pseudoexfoliation was also significantly associated with the presence of cataracts. Because both these conditions were more common in the elderly, those over the age of 60 were examined separately (Table 10) The present analysis examined data collected for two previous studies.210 Because of the selection methods used, no inference can be drawn about the overall prevalence of cataracts or PXF in the population studied, although investigation into the role that personal and environmental factors play in causation of these 2 conditions is valid. The obvious relation between the prevalence of cataract and ageing was clearly shown in this study. Cataracts were found to occur as commonly in males as in females. In previous studies no consistent sex difference has been found. Reports finding both more males with cataracts'7 and more females"l have been published.
The relation between cataract and latitude, hours of sunlight, and ultraviolet radiation (UV-B) is of greater interest. In general, ultraviolet radiation increases directly with hours of sunlight and indirectly with latitude. Therefore latitude and sunlight act as indirect markers of ultraviolet radiation. The relationship between these 3 parameters and cataract shows a clear and consistent dose-response with a progressive increase in relative risk. This indicates the validity of the association, though all did not reach statistical significance by chi-square testing. Although both ultraviolet radiation and global radiation tend to be positively related to latitude and sunlight, they have different distributions in the area studied. As cataract was not related to global radiation, the specificity of the association with ultraviolet radiation is strengthened.
The data on the distribution of ultraviolet The study of Chatterjee21 is particularly interesting. He found a higher prevalence of cataracts in the Punjabi plains of India than in the higher altitudes of the Himalayas. Many factors may play a role in this difference, including genetic variation and environmental effects such as the mineral content of water, yoghurt consumption, and socioeconomic variables. (Richter and Duke28 produced cataracts in rats fed on commercially manufactured yoghurt which had a high galactose content.) As altitude increases, there is usually an increase in the radiant energy, especially ultraviolet radiation, and Chatterjee's figures have been used to suggest that ultraviolet radiation is not related to the development of cataracts. However, Chatterjee himself mentions that the middle Himalayan area often has a heavy cloud cover. Although a light cloud cover does not block a significant amount of ultraviolet radiation, a heavy cloud cover may.29 The data are not available on either the hours of sunlight or the ultraviolet radiation levels in the areas studied by Chatterjee, and the significance of his findings as they relate to the effect of radiation cannot yet be determined. Interestingly, Vines30 found a higher prevalence of cataracts in the highlands of New Guinea than he found in the lower plains.
Pirie5 has demonstrated that human lens proteins turn brown in direct sunlight, and that this is the result of photo-oxidation. She showed that this photo-oxidation was caused by light of wavelengths between 300-320 nm (i.e., ultraviolet-B radiation). There exists in the lens a reducing system to reverse this photo-oxidation of the lens proteins. The reducing substances of most importance are thought to be glutathione and ascorbic acid.31 It may be that this reducing system, or at least its efficiency, decreases with age. If the photo-oxidised proteins are not reduced, they form covalent bonds, especially disulphide bonds, with other lens proteins. This cross-linkage formation between lens proteins leads to the formation of insoluble protein complexes.3132 It has also been possible to produce lens changes with ultraviolet light in short-term in-vitro experiments.3334
Although there is biochemical evidence suggesting that senile cataracts may be caused by the cumulative ultraviolet-induced photo-oxidation and crosslinkage of lens proteins, no previous study was found that had examined the association between environmental ultraviolet levels and cataract. Thus the finding of an association between cataract and ultraviolet radiation in this study provides this epidemiological evidence. It is postulated, therefore, that basement-membrane precursors are elaborated by the epithelial cells lining the anterior segment of the eye. These diffuse into the aqueous and are denaturated by irradiation. These denatured proteins then polymerise and are deposited on the intraocular surfaces particularly the lens capsule. Some denatured proteins also pass into the extracellular spaces of the adjacent structures (the iris, ciliary body, and subconjunctiva) and form agglomerations there. An alternative pathway may be that these epithelial cells produce abnormal basement-membrane precursors as a result of radiation-induced changes. These precursors may then polymerise spontaneously.
